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of the short arm. The movement of the long process of the
incus (and of the stapes with which it connects) is, therefore,

only two thirds as great as that of the tympanic membrane.
We should expect, on the other hand, that the force exerted by
the stapes at the oval window would be one and a half times
greater than that applied to the handle of the malleus. But, on
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Fig. 13-47 A mechanical model illustrating the transmission of sound
waves through the middle ear. The lever represents the chain of audi-
tory ossicles.
account of a large proportion of the energy being lost in trans-
mission (due to inertia of the ossicles and friction of the air
surrounding them), only about half of the force exerted upon
the handle of the malleus reaches the oval window. However,
the area of the tympanic membrane Is nearly 20 times that
of the oval window; this fact alone, were there no loss of energy
In transmission, would cause the force concentrated at the oval
window to be increased twenty-fold over that of the vibrations
of the drum membrane. Now, as just mentioned, the force
transmitted to the stapes is only one half of that applied to
the malleus; the net magnification of the force exerted by the
movements of the foot-plate of the stapes, brought about
through the mechanism of the middle ear, is, therefore, about
ten.